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SECTION 5

WATER QUALITY PROJECTIONS

The ultimate goal of developing an updated water quality model of Opequon Creek 15 to
provide a tool to determine the assimilative capacity of the creek for point source permitting of the
PMWWTIF and OWRF. In addition, the FWSA is also considering a new Northern Wastewater
Reclamation Facility (NWRF) as part of its wastewater planning. 'The calibrated DIURNAL model

is used for these water quality projection analyses with the creek flow set at the 7Q10 low-flow and
at summer creek temperatures.

Figure 31 presents historical creek flow data from the two USGS gages on the creek from
1945 to 2005. 'The grey line in the top panel represents an estimate of the Stephens City flow based
on a drainage area ratio to the Berryville gage flows. This data was used by VDEQ to determine a
7Q10 low-flow for the creek at the Benryville gage. The 7Q10 low-flow is the minimum 7-day
average flow that occurs once in ten years and was estimated by VDEQ to equal 1.5 cfs (VDEQ),
2004). 'This estimated 7Q10 low-flow accounts for the start-up of the OWRF in July 1988 by only
using the flow records prior to this date. This 7Q10 low-flow at the Berryville gage is used to
develop flows along the length of the creek based on the incremental and tnbutary drainage areas as
described in the geometry calibration section.

Creek temperature data was available in 2003 from OWREF staff sampling upstream from the
discharge and is presented in Figure 32 along with the creek flow at the Berryville gage. This figure
highlights the annual creek temperature variation, which ranges from 1 to 22°C, with the maximum
temperatures occurring in the summer during low-flow conditions. In order to assign, an upper
percentile creek temperature for the water quality model projections, a creek temperature of 23.6°C

was assigned based on the critical condition creek modeling completed for the PMWWTF proposed
expansion (Donohue & Associates, 1992).

The calibration rates presented i Tables 7 and 8 are used for the water quality projections
and are corrected to the critical creek temperature of 23.6°C since these rates are assigned at 20°C,
In order to investigate the DO impacts under different ambient light conditions (sunny vs. cloudy),
the Pmax and R rates for both the 10/13-14 and 11/3 surveys were used to complete the water

quality projections. In addition, the geometry is also adjusted as a function of creek tlow as 1s the
reaeration rate since 1t is a function of the creek velociry.

A number of water quality projections were completed for a range of effluent flow and
quality scenarios at four flow tiers that included a combination of discharge conditions from the

PMWWTF, OWRF, NWRF and the County Landfill. These conditions are presented in Tables 9
through 11 and resulted in a total of 20 water quality projection model runs.
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Table 9. Discharge Flow Tiers for Projections

Flow Ticf- '

PMWWTF Flow
- (MGD)

OWRF Flow
(MGD) -

~ NWRF Flow
© (MGD)

Landfill Flow
(MGD)

.

20

6.4

0.0

0.15

2

30

8.0

20

0.15

4.0

12.0

4.0

0.15

50

160

6.0 .

Q.15

“Discharge

- Scendrio

o Tabl§ 10 Dlscharge Quahty Scenanos for Proj_é_gﬁops I

T L

5-4

BNR No Flow

1 Current Permit Cuarrent Permut

2 Advanced BNR' ENR No Flow Fumre Permit

3 ' BNR Advance BNR No Flow Future Permit

b 4 BNR Advance BNR BNR Future Permit

ENR ENR

Future Perpmt

. 5 ENR

< _ BNR - Biological Nutrient Removal
Advanced BNR - Advanced Biological Nutrient Removal
ENR - Enhanced Nutrient Removal

Tabi_’e 11, D15charge Efﬂuent Qual_ity for Proj_e_c_ﬁéri_s :

N Landﬁll
" Future -
Permit

Eandfll
 Cuotrent
- Permut..

Coment |
OWRF/NWRF . | -
Permit -

Current .
PMWWTF
Permit .

R R _-':A_dva'ncéd”.. .
Parameter BNR _ " BNR: .ENR

TN 200 80 30 5.0 30 205 81

OrgN 20 290 290 20 1.5 7.1 27

‘ NH; 1.6 1.6 1.6 1.0 10 125 4.9

NG, +NO4 16.4 44 44 20 0.5 0.5 0.5

P 20 15 15 05 03 15 L5
, BODs 75 7 75/7.1¢ 75/7.12 75/7.18 25 95
i _ ,

CBODu 386 339 386/339¢ | 386/33.9 | 386/339 75 285

DO 71 71 71 71 7.1 7.1 71

1 PMWWTE / OWRE or NWRF
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These ranges of discharge conditions were evaluated with the calibrated DIURNAL model
of Opequon Creck under 7Q10 low-flow and summer creek temperature conditions (critical
summer low-flow). The resulting water quality model output is presented in the same format as
Figure 28 for the two Pmax and R levels in the appendices as follows:

« Appendix 2 - Tier 1, Scenarios 1 to 5 — Cloudy Pmax & R Rates;

« Appendix 3 ~ Tier 2, Scenarios 1 to 5 - Cloudy Pmax & R Rates;

« Appendix 4 - Tier 3, Scenarios 1 to 5 - Cloudy Pmax & R Rates;

» Appendix 5 - Tier 4, Scenarios 1 to 5 - Cloudy Pmax & R Rates;

« Appendix 6 - Tier 1, Scenarios 1 to 5 - Sunny Pmax & R Rates;

« Appendix 7 - Tier 2, Scenarios 1 to 5 - Sunny Pmax & R Rates;

» Appendix 8 - Tier 3, Scenarios 1 to 5 - Sunny Pmax & R Rates; and
» Appendix 9 - Tier 4, Scenarios 1 to 5 — Sunny Pmax & R Rates.

In order to simplify the model output, Table 12 presents a summary of the model DO

output (minimum daily average DO and minimum DO) for each ambient light condition (cloudy

and sunny). For the cloudy condition, the daily average creek DO for all discharge cases is always
greater than the 5 mg/L State DO standard and typically greater than 7 mg/L at the critical summer,
low-flow creek conditions. The daily minimum DO for the cloudy condition is always greater than
the 4 mg/L State DO standard and typically greater than 6 mg/L for all discharge cases. For the
sunny condition, the daily average creek DO for all discharge cases is always greater than the 5
mg/L State DO standard and typically greater than 6 mg/L at the critical summer, low-flow creek
conditions. The daily minimum DO for the summer condition is always greater than the 4 mg/L
State DO standard for all discharge cases. The major difference between the cloudy and sunny
conditions is that there are greater daily diurnal swings in DO with greater daily average DO and
lower minimum DO levels for the sunny condition as opposed to the cloudy condition. Tt should
be noted that for all discharge cases at critical summer, low-flow creek conditions during either
cloudy or sunny conditions that State DO standards will be maintained throughout Opequon Creek
from just upstréam of the PMWWTF 1o approximately 26 miles downstream. This length of the

creek includes discharges from the PMWWTF, County Landfill, OWRF and the potential new
discharge from NWRF.




‘Table 12. Opequon_C’;eek_DOWat_erQuality Proiection-_Results'. _ |

. Clqudy Condit_ions _ Su'pr_ly _Oo_ndi_ti_o_n_s;
ase MinAngo' ~ MinDO Min Ayg DO | MmDO

Tier 1/Scen 1 715 5.84 6.00 4.16
Tier 1/Scen 2 734 6.07 6.19 4.55
Tier 1/Scen 3 7.28 605 6.13 446
Tier 1/Scen 4 7.28 6.05 6.13 4.46
Tier 1/Scen 5 7.34 607 6.19 455
Tier 2/Scen 1 7.12 6.05 5.96 4,12
Tier 2/Scen 2 729 6.23 6.13 442
Tier 2/Scen 3 722 6.05 6.07 427
Tier 2/Scen 4 722 6.05 6.08 4.27
Tier 2/Scen 5 7.29 623 6.14 442
Tier 3/Scen 1 7.06 6.15 590 455
Tier 3/Scen 2 722 6,32 605 471
Tier 3/Scen 3 7.15 6.24 598 4.55
Tier 3/Scen 4 7.16 624 6.02 4.55
Tier 3/Scen 5 723 632 6.08 471
Tier 4/Scen 1 723 643 6.09 483
Tier 4/Scen 2 7.36 6.59 6.23 497
Tier 4/Scen 3 7.30 643 6.16 483
Tier 4/Scen 4 7.32 6.43 6.20 4.83
Tier 4/Scen 5 7.38 6.59 6.27 497

5-6
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Opequon Creek Water Quality Survey - 10/13-14/2004 {AM/PM)

Date
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10A13/2004
10/13/2004
10/13/2004
10/13/2004
10M13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004
10/13/2004

10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004
10/14/2004

Time
13:45
14:00
14:50
15:30
16:00
16:45
17:15
14:05
16:20
17:.00
16:45
14:15
14:

17:55
16:50
16:00
13:56
15:05
16:25
15:45
14:45
1522
15:42
16:.04
168:44
1507
1600
16:05

14:25

9:15

9:50
10:20
10:50
11:45
12:30
12:30
13:00

9:20
12:05
13:20
11:00

9:30
15
9:20
11:15
10:15
10:00
8:55
9:40
10407
10:33
10:50
10:50
11:20
11:49
2:53
14:25

Mp
-0.221
.190
1.141
1.803
3015
4.022
5.408
7.081

4.022
8.019
9.587
11.291
11.705
12.873

14.792
17113
19.581
21.036
24.019

12.973
17.113

-0.221
0.190
1.141
1.803
3.015
4.022
4.022
5.408
7.081

8.019
9.587
11.281
11.705
12.873
12,973

14.792
17,113
18.581
21.038
21.036
24.019
25.843

Statien ID
M1

M2

M3

M4

M5

M6

M7

M8

T1

T2

Mg Dup
M9

M10

M1l

M12

M13

T3

T4

T5

T6

M14

M15

M16

Mt7

M18

T7

M13 FDup
M15 FDup
PMWWTF
OWRF

M

M2

M3

hid

M3

M6

M6 Fdup
M7

M8

T

T2

Mg

M10
M1t
Mi2
M13
M13 FDup
T3

T4

T5

T6

M14
M15
M16
M17
M17 Fdup
Mt8
M19

T
PMWWTF
OWRF

DO (mgiL)
11,22
10.60
11.14
10,78
10.88
10.87
10.94
11.88
10.39
11.82
10.87
11.45
12.46

4507
10.61
1132
10.94
10.84

270

8.15
1219
11.74
11.45
11.40
11.11
10.78
11.12
11142

10.27
10.30

5.83

9.85
10.27
10.46
10.46
10.69

9.71
10.34
13.69
10.21

11.04
9.54
9.56
9.56
.31

10.34
9.88
7.68

10.08
9.66
9.67
9.89
9.89
9.92
9.25
a9

DO (% Sat)

B

105.6
101.3
106.7
1033
104.4
103.1
1037
110.5

99.5
110.2
103.1
106.7
116.0

98.7
105.0
108.3

98.8
105.0

92.9

774
116.8
111.2
108.0
107.4
104.5
1006
108.3
108.3

862
99.2
942
94.5
98.2
1005
100.5
103.2
91.5
98.0
131.5
96.9

- 104.4

120.3

84.2"

91.7
9.7
86.6
99.7
93.4
724
95.7
92.4
92.4
94.3
84.3
94.4
878
93.4

Conductivity
{umhosfcm)
538
823
853
653
670
603
606
860
550
512
603
659
657
851
773
899
583
653
638
504
886
670
662
660
658
528
689
699

551
684
881
679
614
643
643
641
651
553
501
550
658
634
756
692
692
645
640
843
601
671
667
6684
656
656
644
834
529

pH
8.19
8.27
8.17
8.32
8.32
8.28
B.45
7.95
8.17
8.37
8.38
8.28
B.37
8.51
8.37
8.30
7.80
8.27
8.19
7.79
7.81
7.76
7.80
771
7.84
7.80
8.30
8.30

8.16
822
8.22
8.27
8.27
8.28
8.28
8.38
7.84
8.14
8.49
8.30
8.36
8.57
8.23
8.15
8.15
8.13
8.19
8.19
7.88
7.72
7.72
7.79
7.78
7.78
7.85
7.75
7.76

Temperature
(©)
12.60
13.20
13.30
13.40
13.40
12.90
12.90
12.08
13.30
12.10
12.90
12.16
12.22
12.48
14.75
14.08
10.81
13.89
13.36
12.85
13.27
12.79
12.63
12.63
12.62
12.18
14.06
14.06

13.70
13.80
13.40
13.40
13.30
13.50
13.50
13.80
12.52
12.80
13.50
12.81
1277
13.48
14.83
13.40
13.40
11.88
13.72
12.84
12.76
i3.12
1347
13.18
13.13
13.13
13.02
12.85
12.58
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APPENDIX 8

TIER 3, SCENARIOS 1-5
SUNNY CONDITIONS
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